Since the turn of the century there has been active interest in methods to detect antibody activity to tubercle antigens in the sera of patients with tuberculosis. In 1918 Brown and Petroff reported the presence of complementfixing antibody in the sera of a large number of patients with pulmonary tuberculosis (1). Since then, a variety of methods, including hemagglutination (8, 15) , precipitation in gels (6, 9) , and agglutination tests (2, 14) , have shown that antibody activity is present in the sera of patients at various stages of tuberculosis. Antibody activity as determined by these methods has been found in more than 90%o of the patients with active tuberculosis. In patients with inactive tuberculosis and in healthy individuals with positive tuberculin skin .-sts, antibody activity has been found in 13 to 36% of the subjects tested. In healthy subjects showing negative skin reactivity to tuberculin antigens, antibody activity ranged from 7 to 17%. These early studies were reviewed by Duboczy and White in 1966 (2) .
In the 1960s two groups of workers reported the detection of a class-specific antibody that was an immunoglobulin G (IgG) antibody to purified protein derivative (PPD) antigen in the sera of patients with tuberculosis by using hemagglutination of PPD-coated erythrocytes (4, 5) . The titers of IgG antibody to PPD antigen were high in patients with active tuberculosis and decreased with adequate treatment of the disease; false-positive reactions decreased to 3% or 93 less. These workers demonstrated greater sensitivity and specificity by looking for antibody activity in the IgG class and also demonstrated the utility of using PPD as an antigen. In 1975 Reggiardo and Middlebrook (12) reported the use of serologically active glycolipids to detect IgG antibody activity in the sera of patients with tuberculosis by a hemagglutination assay. By using a set of four purified antigens, antibody activity could be detected in 90% of the patients with tuberculosis, with 4% or fewer false-positive reactions. Recently, Reggiardo et al. extended the use of these purified antigens to detect IgG antibody by developing an enzymelinked immunosorbent assay (ELISA) (13) .
We have had extensive experience in detecting class-specific antibodies in the sera of patients to a variety of complex antigens by a solidphase radioimmunoassay in which polystyrene tubes are used as the solid phase (designated the polystyrene tube radioimmunoassay [PTRIA]) (10, 11) . In this report we describe the detection and quantitation of IgG antibody to PPD antigen by the PTRIA and the ELISA in sera from patients with pulmonary tuberculosis.
Although our major emphasis was on methodology, our The short PTRIA consisted of the above-described steps, except that in each tube 1 ml of test serum diluted in BSA was incubated for only 2 h at room temperature. Rabbit anti-human IgG was added for 2 h at room temperature; then 125I-labeled IgG was added, and the preparation was incubated overnight at 4°C. The remaining radioactivity was counted as described above. Again, the tubes were washed three times with PBS between reagent additions.
IgG antibody activity to PPD antigen as determined by the ELISA. Polystyrene tubes coated with PPD antigen were prepared as described above for the PTRIA. A 1-ml amount of the test serum diluted 1:1,000 in BSA was incubated in each prepared tube for 2 h at room temperature. The tubes were washed with PBS, 1 ml of a 1: 100 dilution of goat anti-human IgG conjugated to alkaline phosphatase in BSA was added to each tube, and the preparations were incubated for 2 h at room temperature. Then the tubes were washed, 1 ml of p-nitrophenylphosphate substrate buffer was added to each tube, and the preparations were incubated in a water bath at 37°C for 30 min. The color reaction in each tube was stopped with 0.1 ml of 2 N NaOH. The optical densities of the tube conitents were read with a spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.) at 405 nm. The spectrophotometer calibrated against a substrate blank.
Serum pools. To examine the precision and discrimination of the short PTRIA and the ELISA, we formed four serum pools from the sera obtained. The first pool was formed from the sera of three patients who had tuberculosis and the highest IgG antibody levels measured by the long PTRIA. The second pool was constructed from the sera of three patients who had tuberculosis and the lowest levels of IgG activity. The third pool was formed from the sera of the three healthy, skin test-positive individuals who had the highest levels in the long PTRIA. The fourth pool was formed from the sera of three skin test-negative individuals.
RESULTS
Long PTRIA. Our initial experiments indicated that 1:1,000 dilutions of sera gave the best discrimination in the long PTRIA. The sera from 22 patients with culture-proven tuberculosis bound 135,545 ± 55,620 cpm (mean + standard deviation) of 125I-labeled IgG (Fig. 1 ). In contrast, the sera from 12 PPD skin test-positive individuals bound 23,800 + 15,503 cpm of 125I1 labeled IgG, and the sera from 16 healthy, PPD skin test-negative individuals bound 16,093 + 11,640 cpm of 125I-labeled IgG. The marked difference between the mean antibody levels of the patients with culture-proven tuberculosis and the mean antibody levels of the skin test positive-individuals was highly significant statistically, as determined by Student's t test (t = 8.8; P < 0.001). There was also a highly significant difference between the patients with tuberculosis and the healthy, skin test-negative individuals (t = 11.8; P < 0.001). There was no statistical difference between the antibody levels of 12 PPD skin test-positive individuals and the antibody levels of 16 healthy, skin test-negative individuals. Taking two standard deviations above the mean of the healthy, PPD skin testpositive group, we found no overlap between this group and the patients with active tuberculosis.
Short PIRIA and ELISA. In an effort to shorten the time interval for the PTRIA and to examine the utility of the ELISA, we performed the short PTRIA and the ELISA. Both the short PTRIA and the ELISA required a 2-h incubation with a 1:1,000 dilution of test serum and a 2-h incubation with the anti-IgG reagents. The short PTRIA required overnight incubation with 1251. labeled IgG, whereas the ELISA could be developed in 30 min, as described above. Table 1 shows the mean antibody levels, standard deviations, and coefficients of variation (triplicate determinations) for long PTRIA, the short PTRIA, and the ELISA. There was very good replication in these three assays, and there was also a clear separation among the low-tuberculosis pool, the skin test-positive pool, and the skin test-negative pool. Because of the good replication of these assays, it was still possible to separate healthy, skin test-positive individuals with a high value from patients with active tuberculosis and a low value.
Correlation between the short PTRIA and the ELISA. We measured IgG antibody activity to PPD antigen by the short PTRIA and the ELISA, using sera from nine patients with active tuberculosis, four sera from skin test-positive individuals, and four sera from skin testnegative individuals (Table 2 ). There was a highly significant correlation between the results of the two assays of IgG antibody activity (Spearman's rank test; r = 0.976; P < 0.001). Table 2 again shows the separation between the IgG antibody activities found in patients with active tuberculosis and the antibody activities found in skin test-positive and skin test-negative individuals. DISCUSSION We used PPD antigen because it is still the standard antigen used to determine the presence of tuberculosis or tuberculosis infections (7) . In addition, we studied the IgG antibody response to PPD antigen which had been shown by others (4, 5) to be more specific than total antibody activity.
Our initial experiments with the long PTRIA indicated that there was a marked separation between the antibody activity in the patients with active tuberculosis and the antibody activities in healthy, PPD skin test-positive and skin test-negative individuals (Fig. 1) . This result suggested that IgG antibody activity could distinguish individuals with tuberculosis from individuals with previous infection but no disease. This would be a major advantage over skin tests with PPD antigen, which are positive in patients with active tuberculosis and in individuals who have had previous tuberculosis infection. VOL. 15, 1982 on November 2, 2017 by guest http://jcm.asm.org/ Downloaded from The PTRIA was modified to decrease the time of incubation, and the degree of separation of antibody levels between healthy, skin test-positive individuals and patients with active tuberculosis was similar. The time of the assay was decreased to 24 h.
The extension of the principles used in the PTRIA to the ELISA (3) would make this assay applicable in laboratories without radioisotope capability. Both the short PTRIA and the ELISA are reproducible, and the values obtained for IgG antibody activity by the two methods showed a strong correlation ( 
